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A sizing agent for paper making is described, compris 
ing (A) a reaction product obtained by an addition reac 
tion of an olefin having 14 to 20 carbon atoms or a 
mixture thereof with maleic anhydride and (B) one or 
more emulsifiers selected from polyoxyalkylene aralk 
ylaryl ether phosphoric acid esters or salts thereof. 
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1. 

SZNGAGENT FOR PAPER MAKING 

FIELD OF THE INVENTION 

The present invention relates to a sizing agent for 
paper making. More specifically, it relates to a sizing 
agent for paper making which forms a good aqueous 
emulsion and shows an excellent sizing effect even if it 
is preserved for a long period of time in the presence of 
an addition reaction product of an olefin with maleic 
anhydride and an emulsifier. 

BACKGROUND OF THE INVENTION 

In the production of paper, generally, a large amount 
of filler such as talc, clay, etc., has been used for im 
proving printability and whiteness or giving opacity. 
Recently, calcium carbonate which is available at a low 
price has been employed in place of the above 
described fillers. 

However, when calcium carbonate is used as the 
filler, there is a disadvantage in that calcium carbonate 
decomposes due to the acidity of the paper making 
system, i.e., anion type sizing agents, such as rosin size, 
etc., which are conventionally used as the sizing agent 
for paper making, are used in an acid sizing process 
wherein aluminum sulfate is used for fixing to the pulp. 

Accordingly, in order to solve this problem, various 
kinds of the so-called neutral sizing agents have been 
proposed, whereby sizing can be carried out in a neutral 
region or an alkaline region without using aluminum 
sulfate. 

For example, addition reaction products of an olefin 
with maleic anhydride have been known as sizing 
agents which show a sizing effect due to the formation 
of an ester bond by reacting with a hydroxyl group in 
cellulose fibers. 
These addition reaction products of maleic anhydride 

are added to paper stock in a state of an aqueous emul 
sion which is prepared by emulsifying, with a water, a 
soluble high polymer compound such as cationized 
starch, etc., or a surfactant such as polyoxyethylene 
alkylaryl ether, etc., by means of a homomixer, a ho 
nogenizer, etc. In order to obtain a good sizing effect, 
the addition reaction products of maleic anhydride must 
be dispersed in water in a state offine particles as far as 
possible, and nonionic surfactants (polyoxyethylene 
alkylary ether, polyoxyethylene alkyl ether, polyoxy 
ethylene alkyl ester, polyoxyethylene sorbitan fatty acid 
ester, polyoxyethylene sorbitol fatty acid ester, etc.) 
have been generally used as the emulsifiers. However, 
these nonionic surfactants are still insufficient in emulsi 
fying property. Therefore, as a way of improving the 
emulsifying property, polyoxyethylene aralkylphenyl 
ethers represented by the general formula: 

(Ar)n 

wherein Arrepresents an aralkyl group; m represents an 
integer of 1 to 5; and n represents an integer of 10 to 80; 
have been proposed as nonionic surfactants in Japanese 
Patent Application (OPI) No. 87397/83 (the term 
"OPI' as used herein refers to a "published unexamined 
Japanese patent application”). However, these nonionic 
surfactants, having an end hydroxyl group, have a dis 
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2 
advantage in that the emulsifying property thereof dete 
riorates with the passage of time when they are pre 
served in the presence of the addition reaction products 
of maleic anhydride. 

In order to improve this disadvantage, nonionic sur 
factants wherein the end hydroxyl group is substituted 
with an alkoxy group, an acyloxy group or an alkylcar 
bamoyloxy group have been proposed in Japanese Pa 
tent Application (OPI) No. 220897/83 as emulsifiers 
which do not lose the emulsifying property even if they 
are mixed with acid anhydride and allowed to stand for 
a long time. 

Further, compounds represented by the general for 
mula: 

wherein R1 represents a residue of a polyoxyalkylene 
type nonionic surfactant; X represents R2-, R2CO-, 
R2NHCO- or -CO-Q-COOM, wherein R2 repre 
sents an alkyl group having 1 to 6 carbon atoms or an 
aryl group; Q represents a dicarboxylic acid residue; 
and M represents a cation; and prepresents an integer of 
1 to 8; have been proposed in Japanese Patent Applica 
tion (OPI) No. 30993/84. 
Moreover, polyoxyethylene alkyl ether phosphoric 

acid esters or polyoxyethylene alkylaryl ether phos 
phoric acid esters represented by the general formula: 

OneA 
/ 

R-e-o-CH2CH2O-P 
N 
O O-H 

wherein R represents an alkyl group or an alkylary 
group; A represents a hydrogen atom or 
R'-O-CH2CH2 (wherein R' represents an alkyl 
group or an alkylaryl group, and r represents an integer 
of 1 or more) and q represents an integer of 1 or more; 
and mixtures of these phosphoric acid esters have been 
proposed in Japanese Patent Application (OPI) No. 
28598/85. 

However, the above-described emulsifiers have a 
disadvantage in that a satisfactory sizing effect is not 
obtained because the emulsifying property is not suffi 
cient. For example, in the case of the emulsifiers dis 
closed in Japanese Patent Application (OPI) Nos. 
220897/83 and 30993/84, there is a disadvantage in that 
the emulsifying property greatly deteriorates with an 
increase in the hardness of water to be used for emulsifi 
cation, and in the case of the emulsifiers disclosed in 
Japanese Patent Application (OPI) No. 28598/85, al 
though the emulsifying property in hard water is 
slightly improved, the emulsifying property is still insuf 
ficient and is not satisfactory. 

SUMMARY OF THE ENVENTION 

The present invention relates to a sizing agent for 
paper making comprising (A) a reaction product ob 
tained by an addition reaction of an olefin having 14 to 
20 carbon atoms or a mixture thereof with maleic anhy 
dride and (B) one or more emulsifiers selected from 
polyoxyalkylene aralkylaryl ether phosphoric acid es 
ters or salts thereof. 
The present invention is fundamentally different from 

the prior art in that an emulsifier, which has nothereto 
fore been used for preparing the known sizing agents 
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using an addition reaction product of an olefin and 
maleic anhydride, is used as the component (B) of the 
sizing agent, by which a good aqueous emulsion can be 
produced and an excellent sizing effect can be obtained. 
Further, it is possible to obtain a sizing agent which 
shows a much higher sizing effect than that in the case 
of using the known emulsifiers even if the hardness of 
the water to be used for emulsification is high. More 
over, the emulsifier in the present invention does not 
lose the emulsifying property if it is preserved together 
with an addition reaction product (A) of an olefin and 
maleic anhydride as a mixture for a long period of time 
because it does not react with the above-described addi 
tion reaction product. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As the olefin having 14 to 20 carbon atoms or a mix 
ture thereof used as a starting material of the component 
(A) in the sizing agent of the present invention, it is 
possible to use a straight chain olefin having 14 to 20 
carbon atoms such as a straight chain a-olefin, a straight 
chain internal olefin, etc., or a mixture thereof, or a 
branched chain olefin such as an oligomer of propylene, 
butene, etc., or a mixture thereof. In the case of olefins 
having 13 or less carbon atoms and 21 or more carbon 
atoms or mixtures thereof, the object of the present 
invention is not attained because a satisfactory sizing 
effect is not obtained. 
Of the above-described various kinds of olefins, it is 

particularly preferred to use straight chain internal ole 
fins from the viewpoint of the sizing effect. As the 
straight chain internal olefins, those prepared by known 
processes such as by isomerization of an a-olefin using 
an acid catalyst or dehydrogenation of n-paraffin, etc., 
can be used, but it is particularly preferred to use those 
prepared by the following process so as to hardly con 
tain residual a-olefins or polymers. 
Namely, straight chain internal olefins obtained by 

isomerizing straight chain a-olefins using the so-called 
Ziegler catalyst composed of (C) an organic acid salt of 
a Group VIII transition metal such as nickel, cobalt, 
iron, etc., or a complex of a Group VIII transition metal 
and (D) an organoaluminum compound are suitable to 
Se. 

Moreover, in the case of using the emulsifier in the 
present invention, straight chain internal olefins which 
contain an olefin having a double bond in the 2-position 
in an amount of more than 65% by mol and do not 
contain olefins having a double bond in the 5- or more 
position, and straight chain internal olefins which con 
tain an olefin having a double bond in the 2-position in 
an amount of 60% by mol or more, an olefin having a 
double bond in the 4-position in an amount of less than 
10% by mol and olefins having a double bond in the 5 
or more position in an amount of less than 5% by mol 
are the most suitable to use because the sizing agents 
showing an excellent sizing effect can be obtained easily 
under very mild reaction conditions by using the above 
described Ziegler catalyst. 
The straight chain internal olefins produced by the 

above-described known processes, namely, isomeriza 
tion of an a-olefin using an acid catalyst or dehydrogen 
ation of n-paraffin using a metal catalyst, contain a-ole 
fins or polymers, while the straight chain internal ole 
fins having a specified double bond distribution pro 
duced under a very mild condition using the Ziegler 
catalyst hardly contain the a-olefins or the polymers. 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4. 
Consequently, when the emulsifier of the present inven 
tion is used, the resulting addition reaction product of 
maleic anhydride produces an aqueous emulsion having 
much finer particles than those in the case of using the 
known emulsifiers, whereby a sizing agent having ex 
cellent stability after emulsification and a high sizing 
effect is obtained. 

In a preferred embodiment of the present invention, 
examples of the organic acid salts of the Group VIII 
transition metal and the complexes of the Group VIII 
transition metal used as the component (C) of the cata 
lyst for isomerizing the a-olefin include nickel octano 
ate, nickel naphthenate, nickel acetate, nickel lactate, 
iron malonate, iron acetylacetonate, cobalt benzoate, 
cobalt stearate, 7t-allyl nickel, nickel dimethylglyoxime, 
nickel carbonyl, iron carbonyl, cobalt carbonyl, etc. 
However, those using nickel as the metal are preferable 
because the isomerization ability is the highest and for 
mation of polymers is small. 

In a preferred embodiment of the present invention, 
examples of the organoaluminum compounds used as 
the component (D) of the catalyst for isomerizing the 
a-olefin include triethylaluminum, diethylaluminum 
chloride, ethylaluminum sesquichloride, ethylaluminum 
dichloride, etc., compounds wherein chlorine in the 
above-described compounds is substituted with fluo 
rine, bromine, iodine, etc., and compounds wherein the 
ethyl group in the above-described compounds is substi 
tuted with an alkyl group such as a methyl group, a 
propyl group, etc. 

In carrying out the isomerization reaction of the a 
olefin in the present invention, it is possible to add other 
catalyst components such as phosphine compounds, 
etc., in addition to the above-described isomerization 
catalyst components (C) and (D) to improve the cata 
lytic activity. 
The amount of the component (C) used in the above 

described isomerization reaction is not particularly re 
stricted, but it is preferred to be in a range of 0.1 to 
50,000 ppm as a molar concentration of metal based on 
the a-olefin. More preferably, it can be selected suitably 
between the range of 1 to 5,000 ppm. Further, the 
amount of the above-described isomerization catalyst 
component (D) is preferred to be 0.5 time by mol or 
more based on the molar number of metal in the compo 
nent (C) used. 

Since the Ziegler isomerization catalyst in a preferred 
embodiment of the present invention has a very high 
isomerization activity, the reaction condition can be 
selected between a wide range of reaction temperatures 
of -20° C. to 200 C. However, in order to prevent 
formation of polymers, it is preferred to carry out the 
reaction in a range of 0° to 80 C. 
The time necessary for isomerization is not particu 

larly restricted and can be suitably selected according 
to the desired double bond distribution. 
The isomerization reaction can be carried out by any 

of a batch process, a semibatch process and a continu 
ous process. It is preferable to carry out the isomeriza 
tion reaction under an inert gas atmosphere such as 
nitrogen, argon, etc., so as to avoid mixing of a large 
amount of air or water. 
The straight chain internal olefin of the present inven 

tion obtained by an isomerization process using the 
so-called Ziegler catalyst in a preferred embodiment of 
the present invention has a characteristic that the 
amounts of polymers and residual a-olefins are very 
small because it is produced under a mild condition 
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using a very small amount of the catalyst. Accordingly, 
the addition reaction product of maleic anhydride using 
it has a very excellent emulsifying property and shows 
stability after emulsification when it is used together 
with the emulsifier of the present invention, as con 
pared with the known addition reaction product of 
maleic anhydride using an olefin for sizing agents. 
The addition reaction product of an olefin having 14 

to 20 carbon atoms or a mixture thereof with maleic 
anhydride in the present invention is obtained by heat 
ing both of them in the absence of the catalyst at atmo 
spheric pressure or under pressure in, preferably, an 
inert gas atmosphere such as nitrogen gas, etc., from 
180 to 250 C. and reacting them at the same tempera 
ture for 1 to 30 hours, preferably 3 to 20 hours. 
The amount of the addition reaction product of ma 

leic anhydride used as component (A) in the sizing 
agent of the present invention varies more or less de 
pending on the kind or use of the paper, but it is gener 
ally in a range of 0.05 to 3.0% by weight based on dry 
pulp. 
The preferred polyoxyalkylene aralkylaryl ether 

phosphoric acid esters used as component (B) of the 
present invention are compounds represented by the 
following general formula (I): 

(Ar) (I) 
OneB 

O-H-CH for 27UT 
O O-H 

wherein Ar represents an aralkyl group; s represents an 
integer of 1 to 5; t represents an integer of 3 or more; i 
represents an integer of 2 to 4; and B represents a hydro 
gen atom or 

(Ar)'s 

o-e-CH2 

wherein (Ar)' represents an aralkyl group; s’ represents 
an integer of 1 to 5; t' represents an integer of 3 or more; 
and i' represents an integer of 2 to 4. 

Examples of the polyoxyalkylene aralkylaryl ether 
phosphoric acid esters represented by general formula 
(I) used as component (B) of the present invention in 
clude phosphoric acid monoesters and phosphoric acid 
diesters of polyoxyalkylene aralkylphenyl ethers such 
as polyoxyethylene monobenzylphenyl ether, polyoxy 
ethylene dibenzylphenyl ether, polyoxyethylene triben 
zylphenyl ether, polyoxyethylene monophenethylphe 
nyl ether, polyoxyethylene diphenethylphenyl ether, 
polyoxyethylene triphenethylphenyl ether, etc., and 
mixtures of the phosphoric acid monoester and the 
phosphoric acid diester thereof. Further, there are 
phosphoric acid monoesters and phosphoric acid dies 
ters of polyoxyalkylene aralkylaryl ethers wherein the 
polyoxyethylene portion in the above-described com 
pounds is replaced with polyoxypropylene or polyox 
ybutylene or the phenyl group in the above-described 
compounds is replaced with a methylphenyl group, a 
dimethylphenyl group, etc., and mixtures of the phos 
phoric acid monoester and the phosphoric acid diester 
thereof. 
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6 
Further, as the emulsifiers in the present invention, 

salts of the above-described polyoxyalkylene aralkyla 
ryl ether phosphoric acid esters, such as sodium salt, 
potassium salt, ammonium salt, etc., can similarly be 
used. 
The amount of the emulsifier used as component (B) 

in the sizing agent of the present invention depends on 
the dispersibility of the addition reaction product of 
maleic anhydride in water, but it is generally preferred 
in a range of 3 to 30% by weight, preferably 5 to 20% 
by weight, based on component (A). 

In carrying out emulsification of component (A) in 
the present invention, it is possible to use, if desired, 
suitable surfactants such as polyoxyalkylene alkyl ether, 
polyoxyalkylene alkylaryl ether, polyoxyalkylene alkyl 
ether sulfuric acid ester or salts thereof, polyoxyalkyl 
ene alkylaryl ether sulfuric acid ester or salts thereof, 
polyoxyalkylene alkyl ether phosphoric acid ester or 
salts thereof, polyoxyalkylene alkylaryl ether phos 
phoric acid ester or salts thereof, etc., together with the 
emulsifier of component (B). The amount of them is 
preferred to be equal to or less than the amount of the 
emulsifier of the present invention which is component 
(B). 

In the case of carrying out sizing of pulp with the 
sizing agent for paper making of the present invention, 
the sizing is generally carried out by adding the sizing 
agent to paper stock as an emulsion prepared by homo 
geneously dispersing in water. 

In order to emulsify the sizing agent of the present 
invention in water, the addition reaction product of 
maleic anhydride component (A) and the emulsifier of 
the present invention of component (B) may be previ 
ously uniformly mixed and the resulting mixture is dis 
persed in water to obtain an emulsion, or component 
(A) and component (B) may be added separately to 
emulsify them. The former process is preferred over the 
latter process, by which it is possible to sufficiently 
show the characteristic of thesizing agent of the present 
invention that the initial emulsifying property can be 
kept even if component (A) and component (B) are 
mixed and preserved for a long period of time. In order 
to effectively carry out emulsification, a homomixer, a 
homogenizer, a high pressure emulsifying machine, etc., 
may be used. Sufficient emulsification can be carried 
out by only passing through an orifice, too. The result 
ing emulsion of the sizing agent can be used by adding 
to the paper stock in the arbitrary paper making step. 

In the case that the emulsifier of the present invention 
is dispersed in water, it is possible to use a protective 
colloid which is a suspending agent, such as cationized 
starch, gelatin, cationic polyacrylamide or polyethylene 
imine. 

Further, the sizing agent of the present invention may 
be used together with a suitable amount of various other 
sizing agents, as occasion demands. In the case of carry 
ing out sizing, it is of course possible to use all fillers for 
paper making, such as talc, clay, titanium oxide, calcium 
carbonate, calcium sulfate, aluminum hydroxide, etc. 

In the following, the present invention is illustrated in 
greater detail with reference to examples and compara 
tive examples, but the present invention is not limited to 
these examples. Examples for preparing component (A) 
in the sizing agent of the present invention are described 
first. 
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PREPARATION EXAMPLE 1. 

In this example, a branched chain internal olefin is 
used as a starting material for the addition reaction 
product of maleic anhydride. 
200 g of an oligomer having 16 to 20 carbon atoms 

(carbon atom number 16, 4% by mol; carbon atom 
number 17, 22% by mol; carbon atom number 18, 41% 
by mol; carbon atom number 19, 20% by mol; and car 
bon atom number 20, 12% by mol) obtained by a low 
grade polymerization reaction of propylene using a 
phosphoric acid catalyst and 75 g of maleic anhydride 
were placed in a stainless steel autoclave equipped with 
a stirrer. After the reaction system was replaced with a 
nitrogen atmosphere, the reaction was carried out at 
215 C. for 8 hours. An unreacted olefin and maleic 
anhydride were removed by vacuum distillation to ob 
tain 187 g of an addition reaction prodoct of maleic 
anhydride. 

PREPARATION EXAMPLE 2 

In this example, a straight chain a-olefin is isomerized 
with the so-called Ziegler catalyst to form a straight 
chain internal olefin which is used as a starting material 
for the addition reaction product of maleic anhydride. 
300 g of n-hexadecene-1 and 0.008g of nickel octano 

ate (molar concentration of nickel to olefin: 17 ppm) 
were placed in a 500 ml glass flask. After replacing the 
system with argon, 0.4 g (70 times by mol of nickel) of 
ethylaluminum sesquichloride was added with stirring, 
and the mixture was stirred at room temperature for 3 
hours. 30 ml of a 1N aqueous solution of sodium hy 
droxide was added to decompose and remove the cata 
lyst. Thus, n-hexadecene having the composition shown 
in Table 1 was obtained. 

TABLE 1 
Content 

Component (% by mol) 
n-Hexadecene-1 O 
n-Hexadecene-2 84 
n-Hexadecene-3 14 
n-Hexadecene-4 2 
The other n-hexadecenes O 

Analysis of the double bond positions in the straight 
chain olefins was carried out by 13C-NMR. Chemical 
shifts of the carbon atom in the double bond position 
appear in 114.2 ppm and 139.1 ppm in the case of a-ole 
fin, 124.5 ppm and 131.8 ppm in the case of trans-2-ole 
fin, 123.6 ppm and 131.0 ppm in the case of cis-2-olefin, 
129.5 ppm and 132.0 ppm in the case of trans-3-olefin, 
129.4 ppm and 131.6 ppm in the case of cis-3-olefin, 
130.2 ppm and 130.7 ppm in the case of trans-4-olefin, 
129.7 ppm and 130.2 ppm in the case of cis-4-olefin, 
130.5 ppm in the case of 5- or more trans-olefins and 
130.0 ppm in the case of 5- or more cis-olefin. The 
amount of olefin compositions having a double bond in 
the 1-position, 2-position, 3-position, 4-position and 5 
or more positions can be determined from ratios of the 
intensity of these chemical shifts. 

Further, according to gas chromatographic analysis, 
the amount of polymers in the isomerized oil was 0.4% 
by weight. 
200 g of the resulting n-hexadecene was allowed to 

react with 80 g of maleic anhydride under the same 
conditions as in Preparation Example 1 to obtain 210 g 
of an addition reaction product of maleic anhydride. 
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8 
PREPARATION EXAMPLE 3 

In this example, a straight chain a-olefin is isomerized 
with a Ziegler catalyst in the same manner as in Prepa 
ration Example 2 to form a straight chain internal olefin 
which is used as a starting material for the addition 
reaction product of maleic anhydride. 

In this example, the isomerization reaction was car 
ried out by increasing the amount of nickel octanoate in 
Preparation Example 2 to 0.016 g (molar concentration 
of nickel to olefin: 34 ppm). Namely, 300 g of n-hexa 
decene-1 and 0.016 g of nickel octanoate were placed in 
a 500 ml glass flask. After replacing the system with 
argon, 0.4 g (35 times by mol of nickel) of ethylalumi 
num sesquichloride was added with stirring, and the 
mixture was stirred at room temperature for 3 hours. 30 
ml of a 1N aqueous solution of sodium hydroxide was 
added to decompose and remove the catalyst. Thus, 
n-hexadecene having the composition shown in Table 2 
was obtained. 
The amount of polymers was 0.6% by weight. 

TABLE 2 
Content 

Component (% by mol) 
n-Hexadecene-l 0. 
n-Hexadecene-2 66 
n-Hexadecene-3 25 
n-Hexadecene-4 5 
The other n-hexadecenes 4. 

200 g of the resulting n-hexadecene was allowed to 
react with 80 g of maleic anhydride under the same 
conditions as in Preparation Example 1 to obtain 213 g 
of an addition reaction product of maleic anhydride. 

PREPARATION EXAMPLE 4 

In this example, a straight chain a-olefin is isomerized 
with an acid catalyst to form a straight chain internal 
olefin which is used as a starting material for the addi 
tion reaction product of maleic anhydride. 
A flow type stainless steel reactor tube was filled with 

100 ml of synthetic silica alumina and kept at 150 C. 
n-Hexadecene was allowed to pass through this reactor 
tube at a flow rate of 250 ml/hour. 
The polymers were contained in an amount of 5% by 

weight in the effluent oil from the outlet of the reactor 
tube. They were separated by distillation to obtain n 
hexadecene having the composition shown in Table 3. 

TABLE 3 
Content 

Component (% by mol) 
n-Hexadecene-l 8 
n-Hexadecene-2 44 
n-Hexadecene-3 25 
n-Hexadecene-4 17 
The other n-hexadecenes 6 

200 g of the resulting n-hexadecene was allowed to 
react with 80 g of maleic anhydride under the same 
conditions as in Preparation Example 1 to obtain 208 g 
of an addition reaction product of maleic anhydride. 

PREPARATION EXAMPLE 5 

In this example, a straight chain internal olefin ob 
tained by a dehydrogenation reaction of n-paraffin is 
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used as a starting material for the addition reaction 
product of maleic anhydride. 

n-Hexadecane was fed together with hydrogen to a 
stainless steel reactor tube filled with 100 ml of a Pt 
LiO2-Al2O3 catalyst and a dehydrogenation reaction 
was carried out under a condition comprising a reaction 
temperature of 480 C., a flow rate of 50 ml/minute and 
hydrogen/n-paraffin: 10.0 (mol/mol). After n-hexadec 
ane was removed using molecular sieve, the resulting 
n-hexadecene had the composition shown in Table 4. 

TABLE 4 
Content 

Component (% by mol) 
n-Hexadecene- 5 
n-Hexadecene-2 13 
n-Hexadecene-3 18 
n-Hexadecene-4 22 
The other n-hexadecenes 42 

200 g of the resulting n-hexadecene was allowed to 
react with 80 g of maleic anhydride under the same 
conditions as in Preparation Example 1 to obtain 200 g 
of an addition reaction product of maleic anhydride. 

EXAMPLE 1. 

Using the addition reaction products of maleic anhy 
dride in Preparation Examples 1 to 5 and emulsifiers of 
the present invention or comparative emulsifiers, sizing 
agents of the present invention or comparative sizing 
agents were prepared, and they were subjected to a 

5 

10 

5 

20 

25 

10 
Application (OPI) No. 28598/85) were used. The 
method of testing is as follows. 

0.5 g of the above-described emulsifier was added to 
10 g of the addition reaction product of maleic anhy 
dride. After they were mixed well, the mixture was 
allowed to stand at a temperature of 50° C. for 1 month. 
To 0.5g of this mixture, 99.5 g of water was added to 
emulsify by a homomixer. The resulting emulsion was 
added to a 1% pulp slurry (L.B.KP., 430 ml C.S.F.) in 
such an amount that the addition reaction product of 
maleic anhydride was 0.1 or 0.2% by weight (based on 
pulp solid content). Thereafter, 0.8% by weight (based 
on the pulp solid content) of cationized starch and 
0.03% by weight (based on the pulp solid content) of 
cationic polyacrylamide were added with stirring, and 
paper making was carried out by a TAPPI standard 
sheet machine in a conventional manner so as to have a 
real weight of 60-E1 g/m2. The filler used was calcium 
carbonate, which was used in an amount of 20% by 
weight (based on the pulp solid content). Water used in 
the present example was city water (total hardness: 30 
ppm). 
Then, the resulting wet paper was dehydrated by 

pressing, dried by heating to 105 C. for 3 minutes by 
means of a rotary dryer, and conditioned at 20° C. and 
a relative humidity of 65% for 24 hours. 
The sizing degree of the resulting hand-made paper 

was measured by a Stöckligt sizing degree testing 
method according to JIS P 8122. The results obtained 
are shown in Table 5. 

TABLE.5 
Stockigt Sizing Degree 

(second) 
Sizing Agent of 
The Invention Comparative Sizing Agent 

Emulsifier 

- (a) - - (b) -- (a) - - - -(c)- 
O. O.2 0.* 0.2 0.* 0.2 0.1 0.2 0.4 0.2 

Addition Reaction 
Product of Maleic 
Anhydride 
Preparation 
Example 1 
Preparation 
Example 2 
Preparation 
Example 3 
Preparation 
Example 4 
Preparation 
Example 5 

6 1 8 O O O O 

Note: 
'Amount of sizing agent added (% by weight) 

sizing test. 
As the emulsifiers of the present invention, (a) poly 

oxyethylene diphenethylphenyl ether phosphoric acid 
ester (mixture of monoester and diester, polyoxyethyl 
ene: n = 12) and (b) polyoxyethylene diphenethylphenyl 
ether phosphoric acid ester (mixture of monoester and 
diester, polyoxyethylene: n=8) were used. As the com 
parative emulsifiers, (a) polyoxyethylene nonylphenyl 
ether (polyoxyethylene: n = 100), (b) polyoxyethylene 
diphenethylphenyl ether (polyoxyethylene: n = 12) 
(refer to Japanese Patent Application (OPI) No. 
87397/83) and (c) polyoxyethylene nonylphenyl ether 
phosphoric acid ester (mixture of monoester and dies 
ter, polyoxyethylene: n = 10) (refer to Japanese Patent 

55 

65 

As is apparent from the results shown in Table 5, in 
the case of preserving at 50 C. for 1 month, the sizing 
agents using the known nonionic emulsifiers having an 
end hydroxyl group are hardly emulsified and show a 
poor sizing effect, but those using the emulsifiers of the 
present invention show a good sizing effect. Further, 
with respect to the phosphoric acid ester type emulsifi 
ers, in the case of using polyoxyalkylene aralkylaryl 
ether phosphoric acid ester, which is the emulsifier of 
the present invention, a higher sizing effect is obtained 
than in the case of using polyoxyalkylene alkylaryl 
ether phosphoric acid ester. Further, the most excellent 
sizing effect is obtained in the case of using the addition 
reaction products of maleic anhydride in Preparation 
Example 2 and Preparation Example 3 wherein a 
straight chain internal olefin produced by an isomeriza 
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tion process using the so-called Ziegler catalyst is used 
as a starting material. 

EXAMPLE 2 

In this example, an addition reaction product of ma- 5 
leic anhydride and an emulsifier were mixed similarly as 
in Example 1 and the resulting mixture was immediately 
emulsified in industrial water (the total hardness: 80 
ppm). The sizing effect was evaluated under the same 
conditions as in Example 1. The results obtained are 10 
shown in Table 6. 

TABLE 6 
Stockigt Sizing Degree 

second) 

12 
or a mixture thereof with maleic anhydride in the ab 
sence of a Ziegler catalyst at atmospheric pressure or 
higher pressure in an inert gas atmosphere and (B) one 
or more emulsifiers selected from polyoxyalkylene 
aralkylaryl ether phosphoric acid esters or salts thereof, 
wherein said polyoxyalkylene aralkylaryl either phos 
phoric acid esters are compounds represented by the 
following general formula (I): 

Sizing Agent of 
The Invention 

Emulsifier 
Comparative Sizing Agent 

(a) (b) (a) (b) (c) 
O. : 0.24 0.* 0.2. O. 0.2k O. 0.2 0.1 - 0.2t 

Addition Reaction 
Product of Maleic 
Anhydride 
Preparation 1 5 1 7 O O 0 3 
Example 1 
Preparation 3 22 5 
Example 2 
Preparation s 25 6 26 4. 7 4. 20 
Example 3 
Preparation 3 17 3 19 2 11 2 13 
Example 4 
Preparation 3 19 4 21 2 14 3 5 
Example 5 

5 9 

Note: 
"Amount of sizing agent added (% by weight) 

It is understood from the results shown in Table 6 
that the sizing agents of the present invention shown an 35 
excellent sizing effect and have an excellent hard water 
resisting property. 
As is demonstrated above, the present invention has 

the following excellent effects. 
(1) Polyoxyalkylene aralkylaryl ether phosphoric 40 

acid ester or a salt thereof which is component (B) 
of the sizing agent of the present invention has a 
particularly excellent emulsifying property and 
shows the highest sizing effect of all phosphoric 
acid ester type emulsifiers. 45 

(2) The emulsifier which is component (B) of the 
sizing agent of the present invention shows an ex 
cellent sizing effect even after it was preserved 
together with an addition reaction product of ma 
leic anhydride of component (A) for a long period 50 
of time in a mixed state, and it shows a good sizing 
effect in even the case of using water having a high 
hardness for emulsifying. 

(3) If a straight chain internal olefin produced by 
isomerizing a straight chain a-olefin with the so- 55 
called Ziegler catalyst is used as a starting material 
of component (A) in the present invention, the 
emulsifying property is very excellent and a high 
sizing effect is obtained. 

While the invention has been described in detail and 60 
with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes 
and modifications can be made therein without depart 
ing from the spirit and scope thereof. 
What is claimed is: 65 
1. A sizing agent for paper making comprising (A) a 

reaction product obtained by an addition reaction com 
prising heating an olefin having 14 to 20 carbon atoms 

wherein Ar represents an aralkyl group; s represents an 
integer of 1 to 5; t represents an integer of 3 or more; i 
represents an integer of 2 to 4; and B represents a hydro 
gen atom or 

(Ar)'s 

wherein (Ar)' represents an aralkyl group; s' represents 
an integer of 1 to 5 and t' represents an integer of 3 or 
more; and i' represents an integer of 2 to 4. 

2. A sizing agent for paper making according to claim 
1, wherein the one or more emulsifiers (B) does not 
react with the reaction product (A) when preserved 
over time together with the reaction product (A). 

3. A sizing agent for paper making according to claim 
1, wherein said olefin having 14 to 20 carbon atoms or 
a mixture thereof is a straight chain internal olefin or a 
mixture thereof obtained by isomerizing a straight chain 
a-olefin having 14 to 20 carbon atoms or a mixture 
thereof, using a catalyst composed of (C) an organic 
acid salt of a Group VIII transition metal or a complex 
of a Group VIII transition metal and (D) an organoalu 
minum compound. 

4. A sizing agent for paper making according to claim 
3, wherein said straight chain internal olefin or a mix 
ture thereof contains an olefin having a double bond in 
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the 2-position in an amount of more than 65% by mol 
and does not contain olefins having a double bond in the 
5- or more position. 

5. A sizing agent for paper making according to claim 
3, wherein said straight chain internal olefin or a mix- 5 
ture thereof contains (I) an olefin having a double bond 
in the 2-position in an amount of 60% by mol or more, 
(II) an olefin having a double bond in the 4-position in 
an amount of less than 10% by mol, and (III) olefins 
having a double bond in the 5- or more position in an 
amount of less than 5% by mol. 

6. A sizing agent for paper making according to claim 
3, wherein said Group VIII transition metal is nickel. 

7. A sizing agent for paper making according to claim 
3, wherein component (C) is employed in an amount of 15 
0.1 to 50,000 ppm as a molar concentration of metal 
based on the a-olefin and component (D) is employed in 
an amount of 0.5 time by mol based on the molar num 
ber of metal in component (C). 

8. A sizing agent for paper making according to claim 
7, wherein component (C) is employed in an amount of 
1 to 5,000 ppm as a molar concentration of metal based 
on the a-olefin and component (D) is employed in an 
amount of 0.5 time by mol based on the molar number 25 
of metal in component (C). 

9. A sizing agent for paper making according to claim 
1, wherein component (B) is employed in an amount of 
from 3 to 30% by weight based on component (A). 

10. A sizing agent for paper making according to 30 
claim 9, wherein component (B) is employed in an 
amount of from 5 to 20% by weight based on compo 
nent (A). 

11. A sizing agent for paper making according to 
claim 1, wherein component (A) is employed in an 
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14 
amount of from 0.05 to 3% by weight based on dry 
pulp. 

12. A sizing agent for paper making according to 
claim 1, wherein the inert gas atmosphere is nitrogen 
gas or argon gas. 

13. A sizing agent for paper making according to 
claim 1, wherein the addition reaction is carried out at 
atmospheric pressure. 

14. A sizing agent for paper making according to 
claim 1, wherein the addition reaction is carried out 
under pressure greater than atmospheric pressure. 

15. A sizing agent for paper making according to 
claim 1, wherein the addition reaction is carried out 
from 80 to 250 for 1 to 30 hours. 

16. A sizing agent for paper making according to 
claim 1, wherein the reaction product (A) and the one 
or more emulsifiers (B) are used in amounts such that a 
good aqueous emulsion is produced and an excellent 
sizing effect can be obtained. 

17. A sizing agent for paper making according to 
claim 16, wherein the one or more emulsifiers (B) does 
not loose its emulsifying property when preserved over 
time together with the reaction product. 

18. A sizing agent for paper making according to 
claim 11, wherein component (B) is employed in an 
amount of from 3 to 30% by weight based on Compo 
nent (A). 

19. A sizing agent for paper making according to 
claim 11, wherein component (B) is employed in an 
amount of from 5 to 20% by weight based on Compo 
nent (A). 

20. A sizing agent for paper making according to 
claim 18, wherein the inert gas atmosphere is nitrogen 
gas. 


